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1. Introduction

Recent experimental studiesl'2 have shown that projectile excitation
and charge transfer (capture) cam occur simultanéously in a single
encounter with & target atom through the electrzn-electron interaction
between a projectile electron and a (weakly bound) target electron. This
process is referred to as resonant transfer and excitation (RTE). The
intermediate excited state which is formed in the RTE process can
subsequently decay by photon emission or electron emission (Auger decay).
KTE is analogous to dielectromic recombination (DR), in which the
captured electron is initially free instead of bound. RTE and DR proceed
via the inverse of an Auger transition and, hence, are resonant for
projectile velocities (in the rest frame of the electrom) corresponding to
allowed Auger electron energies.

BRTE has been identified experimentally for K-shell excitations by the
observation of resonant behavior in the energy dependence ot (1) the yield
of deexcitation photoms coincident with projectiles which have captured an

electron, and (2) the yield of Aunger electron emission associated with

capture events.4 Previous experiments with H2 and He targets have also

established the dependences of the cross sections for K-shell RTE on the
projectile atomic numbers and charge state.6 The existing E-shell RIE data

are in reasonable agreement with calculated RTE cross sections based on




theoretica17 DR cross sections, indicating a close link between RTE and
dielsctronic recombination.

Additional information concerning the RTE process and its
relationship to DR is expected to be obtained from studies of RTE
involving excitation of the projectile L-shell. Currently very few data
exist for L-shell RTE. Resonant behavior for L x-ray emission conincident
with projectile electron capture was observed? for 455-710 MeV 57La40+
ions incident on Hz. While there are presently no detailed theorstical
calculations to compare with these results, the energy positionr of the
maximum in the observed coincidence cross section is consistent wity that
expected on the basis of specific Auger tramsitionms. In anothler

experiment measuremants9

were made of the total La x-ray production
without coincidence requirements for a range of charge str.ces for 3.6
MeV/u Sm%* + Xe collisions. A maximum was observed in the x-ray emission
cross section for charge states with 46 ( q £ 52. This maximum was
attributed to L-shell RTE, and was found to be comsistent with RTE
calculations.
In the present work we have investigated L-shell RTE for 230-610

MeV Nb31l* (neonlike) ioms incident onm H,. The closed L-shell configuration
for the projectile was chosen to simplify the theoretical analysis in
order to facilitate a comparision between experiment and theorynlo
2. Experimental procedure

The measurements reported here were obtained at the Lawrence Berkeley
Laboratory using the SuperHILAC. Briefly, the experimental technique
consisted of measuring projectile L x rays coincident with single-
electron—-capture events, following the passage of Nb31+ ions through a
differentially pumped gas cell. L x rays produced in collisions with the
H, target gas were detected with a Si(Li) detector mounted at 90° to the
beam axis. The beam, after emerging from ths gas cell, was magnetically
anglyzed into its charge-state componenis. Ions undergoing eéiecizoa
capture in the target gas were detected with a solid-state detector. The
non—-charge-changed component of the emerging beam was collected in a
Faraday cup. Coincidences between L x rays and projectile ioms captnring_
an electron were measured using a time—to—amplitude converter. The x-ray
and coincidence yields were measured as a function of gas pressure to

obtain the desired cross sections and to ensure that single-collision



condition; prevailed. A capacitance manometer was nsed to measure the
absolute pressure in the target gas cell.
3. Results and Discussion '

The measured cross sections, 62;%‘ for projectile Laof x-ray emission
coincidert with single electron capture are shown in Fig. 1. Relative
ancertainties in the data points are indicated by the error bars. The
overall uncertainty in the absolute cross sections is about + 20%. The
pronounced maximum in aﬁzé near 335 MeV is attributed to RIE involving L-
shell excitation of 41Nb31+. The cross section at the RTE peak is an
order of magnitude larger than the largest peak values observed to date
for K-shell RTE.

The vertical lines shown on the energy scale in Fig. 1 indicate the
positions of the strongest Amger transitions in Np30+ involving 2p
excitations. The lines are labeled with the configurations of the excited
and captured electrons in the intermediate states in the RTE process.
Those states with n>6 are grouped together at 404 MeV. The height of each
line is proportional to the theoretical DR cross section for the
particular intermediate state or group of states. These cross sections,
obtained from a preliminary calculation by Hahn et a1”11 are expected to
be accurate to +10%. VWhile 2p excitations dominate, additional
contributions to L-shell RTE in the energy region between 260 and 410 MeV
will bYe produced by excitation of tbe projectile 2s electroms.

As expected for RTE the observed maximum in aE;% occurs at emnergies
corresponding to strong Auger transitions. We have calculated the
theoretical RTE cross section based on the calculated11 DR cross sections
with the 2s excitation included.!l This calculated RTE cross section
(normalized by a factor of 0.75) is shown as the solid line in Fig. 1.
The agreement between theory and experiment is reasonable, although the
theory overestimates the messurements by about 25$Inear the RTE maximum.
More accurate measurements are needzd in order to ascertain the existence
of the structure seen in the calculated curve. However, it shoeld be
noted that the dip inm the calculated curve may =rise, at least in part, as
an artifsct of the present calculation since the DR cxoss section from a
group of nearby states is concentrated at a single mean energy. Thus,
more detailed calculations of the energies and DR cross sections for

individaal states should be made. At the higher energies the theory falls



more rapidly than the data. This difference between experiment and theory
is similar to previous results obtained for K-shell RTEﬁl

We would like to point out that another strong resonant structure due
to L-shell RTE for Nb31+ is expected near 160 MeV. This is the energy
region corresponding to the formation of intermediate states where both
the excited and captured electron have n=3. Unfortunat:1y, we were not
able to investigate this region since a Nh31+ beam was not available at
those lower emergies.

In conclusion, L-shell resonant transfer and excitation has been
obse;ved for neonlike niobium. While the data are in reasonable agreement
with theory., additional experimental and theofetical work is necessary to
resolve some discrepancies. The measured L-shell RTE cross section is an
order of magnitude larger than the largest K-shell RTE cross section
. observed to date.
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prior to publication.
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FIGURE CAPTION

Cross sections for projectile L-shell x rays coincident with
single—electron capture, aﬁ%. for collisions of 41Nb31+ with 32.
The vertical lines give the theoretical positions and relative
intensities of the strongest Auger transitioms inavolving 2p
excitations. The configurations of the excited and captured
electrons in the intermediate state are indicated. The solid
carve is a theoretical RTE calculation based on the DR cross

section calcmlations from Ref, 11 (see text).
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